Given the potential of ensemble asteroseismology for understanding fundamental properties of large numbers of stars, it is critical to determine the accuracy of the scaling relations on which these measurements are based. From several powerful validation techniques, all indications so far show that stellar radius estimates from the asteroseismic scaling relations are accurate to within a few percent. Eclipsing binary systems hosting at least one star with detectable solar-like oscillations constitute the ideal test objects for validating asteroseismic radius and mass inferences. By combining radial-velocity measurements and photometric time series of eclipses, it is possible to determine the masses and radii of each component of a double-lined spectroscopic binary. We report the results of a four-year radialvelocity survey performed with theéchelle spectrometer of the Astrophysical Research Consortium's 3.5-m telescope and the APOGEE spectrometer at Apache Point Observatory. We compare the masses and radii of 10 red giants obtained by combining radial velocities and eclipse photometry with the estimates from the asteroseismic scaling relations. We find that the asteroseismic scaling relations overestimate red-giant radii by about 5 % on average and masses by about 15 % for stars at various stages of red-giant evolution. Systematic overestimation of mass leads to underestimation of stellar age, which can have important implications for ensemble asteroseismology used for Galactic studies. As part of a second objective, where asteroseismology is used for understanding binary systems, we confirm that oscillations of red giants in close binaries can be suppressed enough to be undetectable, an hypothesis that was proposed in a previous work.
OSCILLATING RED GIANTS IN ECLIPSING BINARIES
The simplest analysis of asteroseismic data is based on the overall properties of the oscillations, which are the frequency of their maximum amplitude ν max , and the mean frequency separation ∆ν between consecutive modes of same degree. Thanks to the pair of asteroseismic scaling relations and a measurement of effective temperature T eff , one gets an estimate of a star's surgaulme@nmsu.edu face gravity log g and mean densityρ by respectively comparing ν max and ∆ν with those of the Sun (e.g. Kjeldsen & Bedding 1995) :
It is then straightforward to deduce a star's mass M and radius R relatively to the Sun:
In practice, the measurement of the asteroseismic global parameters ν max and ∆ν has been largely used to estimate masses and radii of the stars displaying solar like oscillations from the CoRoT and Kepler data (see Chaplin & Miglio 2013; Belkacem et al. 2013 , for recent reviews). Given the importance of asteroseismology and its scaling laws, much effort has been carried out to test their validity. We may distinguish two kinds of approaches: those based on validating the relation between ∆ν and mean densityρ from models and simulated data (e.g. Stello et al. 2009; White et al. 2011; Miglio et al. 2013) , the others based on measuring R of actual stars independently from asteroseismology (e.g. Huber et al. 2011 Huber et al. , 2012 Silva Aguirre et al. 2012; Baines et al. 2014 ). All works indicated that radius estimates from asteroseismic scaling relations are accurate to a few percent. On the contrary, similar tests with independent mass determination of oscillating stars for individual stars have not been possible so far. Indeed, theoretical studies focused on the reliability of the ∆ν-ρ scaling relation and not on ν max . This is because ν max has no secure theoretical basis, as it is not yet possible to make reliable predictions of the amplitude of stochastically excited modes and their dependence with frequency Christensen-Dalsgaard 2012) . Observationally, there is some evidence to support the conclusion that the scaling relations do provide biased masses in some instances. Epstein et al. (2014, ApJ 785, 28) have found that the masses of metal-poor halo giants are significantly overestimated. White et al. (2013 , MNRAS 433, 1262 found that combining the interferometric radii with the asteroseismic density implied a mass for the F star θ Cyg that was significantly lower than expected from its position in the Hertzsprung-Russell diagram.
Eclipsing binaries systems (EBs) hosting at least one star with detectable solar-like oscillations constitute an ideal test case. Indeed, it is possible to determine the projected masses of each component (M 1 sin i, M 2 sin i) for double-line spectroscopic binaries (SB2), and the mass function M 3 2 /(M 1 + M 2 ) 2 sin 3 i for single-line spectroscopic binaries (SB1), where i is the inclination of the orbital plane. For EBs, the inclination i is easily retrieved from modeling the eclipses in the light curves. Absolute stellar radii (R 1 , R 2 ) are obtained from combining radial velocity and eclipse photometric measurements.
So far, all published stars known to both display solar-like oscillations and belong to EBs are red giants (RGs), and all have been detected by the Kepler mission. The first detection was the 408-day period system KIC 8410637 Frandsen et al. 2013) . Since then, Gaulme et al. (2013 Gaulme et al. ( , 2014 reported a list 18 RG eclipsing-binary (RG/EB) candidates, of which 14 displayed oscillations. Beck et al. (2014 Beck et al. ( , 2015 reported the discovery of 17 stars with tidally-excited pulsations ("heartbeat"), where each system has a RG component with oscillations, and two are also EBs. Two RG/EB systems, KIC 8410637 and 9246715 have been completely characterized in terms of masses and radii by combining photometry and radial velocities (Frandsen et al. 2013; He lminiak et al. 2015; Rawls et al. 2016 ). Both show a fairly good agreement between asteroseismic and dynamical estimates of surface gravities and mean densities, even though Huber (2014) and Brogaard et al. (2016) contested the agreement regarding KIC 8410637. Gaulme et al. (2014) observed that among the 19 RG/EBs identified at the time, four systems did not display oscillations. This is observed in the closest systems where rotational and orbital periods are almost synchronized and where strong surface activity is detected. They suggested that tidal forces, which tend to synchronize and circularize binary systems, spin up RGs, with this phenomenon becoming stronger as systems are closer. This would lead to the development of a dynamo mechanism, and thus the generation of magnetic fields in the RGs that become visible at the surface. The resulting spots likely absorb part of the pressure mode energy making oscillations impossible to detect in the closest systems. Alternatively, it is proposed that the presence of spots shows that the convective energy is diverted into activity signal and not into global oscillations. This would mean that properties of convection are considerably affected by binarity in the closest systems, and that oscillation excitation is reduced, or suppressed altogether.
In this paper, we report the result of a four-year radial-velocity (RV) survey performed with theéchelle spectrometer of the Astrophysical Research Consortium (ARC) 3.5-m telescope at Apache Point Observatory (APO). We benefited from complementary observations by the Apache Point Observatory Galactic Evolution Experiment (APOGEE) spectrograh for one system. The targets are 17 EB systems of the 18 Gaulme et al. (2013 Gaulme et al. ( , 2014 's the RG/EB candidates, whose orbital periods range from 15 to 1058 days. Among those, solarlike oscillations are detected in 13, of which nine are SB2s and four SB1s. The remaining four are RG/EB candidates where no oscillations are detected. Our first objective is to test the nature of the 17 systems, where RVs allow us to determine whether the RGs belong to or are aligned with EBs. The second consists of measuring the masses and radii of the four RG candidates with no oscillations to determine if their expected ν max fall in the observable range, i.e. not much larger than the Nyquist frequency. The third and main objective is the comparison of masses, radii, mean densities, and surface gravities with those obtained with the asteroseismic scaling relations. For the latter, we consider the nine SB2 with oscillations as well as KIC 8410637 for which we re-estimate its asteroseismic parameters and use Frandsen et al. (2013) 's dynamical measurement of the mass and radius of each star.
2. DATA AND ANALYSIS
Kepler photometric light curves
Light curves are used for a double purpose -eclipse and asteroseismic modeling -which entails modeling eclipse shapes by removing stellar activity, and measuring solar-like oscillations by removing eclipse features. The methods we use are described in Gaulme et al. (2013 Gaulme et al. ( , 2014 ) and here we provide a summary. The way light curves are processed is of prime importance as part of the conclusions of this paper depends on our ability to provide reliable estimates of stellar radii. As we indicate in Sect. 2.3, radii measurements are a function of the relative depths of the eclipses, unlike mass, which is not sensitive to eclipse photometry. We thus need the relative photometry to be calibrated as finely as possible.
We work with the raw SAP FLUX measurements, which are the fluxes integrated per mask aperture, available on the MAST website 1 . The major challenge in concatenating light curves and studying stellar activity on periods longer than a quarter is to ensure photometric continuity before and after each interruption. The main cause of photometric jumps from quarter to quarter is the fact that the Kepler telescope rotates four times a year, which implies that a given star falls on four different chips. However, the pointing is fine enough that a star repeatedly covers the same group of pixels every four quarter. Light curves are obtained by adding the pixels of the masks that are designed for every star of the field of view. For a given star, a mask is designed for each of Kepler 's positions. Because of the photo response non-uniformity (PRNU) of the pixels and the changing size of the masks, the recorded flux changes. Both PRNU and varying mask areas lead to flux discontinuity that should be adjusted in a multiplicative way. The first correction we apply is therefore a normalization 1 http://archive.stsci.edu/kepler/ that turns the photoelectric counts into relative flux, by dividing each quarter's light curve by its average. A median is actually more appropriate than a mean as outliers and large photometric jumps can bias the mean. If photometric variations would only be generated by PRNU and masks, this process should be enough. As a matter of fact, this is true for systems where no stellar activity is measurable, if we exclude the effect of the differential velocity aberration (see below).
Issues arise with the systems that display strong pseudo-periodic luminosity fluctuations. For those, the average (or median) over a quarter is biased by the fact that the number of pseudo periods is too small to be averaged out. In our cases, pseudo periods range from 15 to about 60 days. Therefore, the median is not a perfect estimator of the mean photometry. This is an intrinsic limitation of the light curve photometric accuracy. In such cases, jumps remain, of amplitudes within a few percent. Given that the remaining jumps are caused by a biased normalization, the second layer of adjustment to be applied should still be done in a multiplicative way. However, this is not possible in practice because none of the quarters can be considered as an absolute reference. The only corrections we may apply are additive, to ensure a smooth aspect of the light curve and to minimize their effects in the Fourier domain. This explains why residuals are larger when modeling systems with large photometric activity (KIC 7943602, 3955867, 4569590, 9291629, see Fig. 3) . When modeling such systems, what matters is that the residuals are symmetrically distributed around the best model light-curve. Note that this discussion regards mostly the systems with no oscillations, and does not have any significant impact on the systems used to test the asteroseismic scaling laws.
We employ two ways to smooth the remaining discontinuities once quarters are divided by their median. When a gap is short with respect to the photometric variability timescale, each side of the gap is adjusted accordingly. When a gap is longer than the variability period, we simply adjust the photometry with the difference of the means of each chunk surrounding the gap. Once the complete time series is leveled and concatenated, a linear fit is subtracted from it to take into account the decreasing instrumental sensitivity. Finally, we compensate for the differential velocity aberration -the motion of the target across a fixed aperture smaller than the point spread function -caused by the pixel scale breathing along the satellite's orbit (372.5 days), whose peak-to-peak amplitude ranges from 0.5 % to 3.8 %. This is done by subtracting from each light curve a 372.5-day period sine fitting and a first harmonic, which is enough to reduce its amplitude to less than 0.5 %.
For asteroseismic analysis, we remove the data corre-sponding to the eclipses and bridge them with a secondorder polynomial, constrained by the surrounding data. We then smooth the eclipse-less light curve on a large number of points (about 1000) and subtract it from the original clean light curve to get a flattened time series, which we use for eclipse modeling. For asteroseismology we work with the power density spectra of the light curves. To minimize the effects of the incomplete duty cycle, we perform gap fillings and make use of the fast Fourier transform (FFT). All short gaps (only several missing points) are interpolated with a second order polynomial estimated from the nearby data points. Long gaps are filled with zeros. To reduce the impact of abrupt discontinuities around long gaps, the edges of each section in between gaps are apodized with a cosine function. This is particularly important when significant variability is detected. Overall, the duty cycle for these objects is always greater than 85 %.
Spectroscopy and stellar parameters
All spectra were obtained with theéchelle spectrometer of the 3.5-m ARC telescope at APO (ARCES), except a set of 25 spectra of the system KIC 7037405 from the APOGEE spectrometer of the Sloan Digital Sky Survey (SDSS, Eisenstein et al. 2011) , also based at APO. Details on how the RVs were determined from the ARCéchelle spectra are described in Rawls et al. (2016) . As regards APOGEE, we followed the procedures described in Bender et al. (2012) and Mahadevan et al. (in prep) . In brief, we start with the extracted and wavelength calibrated "visit" spectra produced by the APOGEE data reduction pipeline (Nidever et al. 2015) . These spectra are further cleaned of processing residuals resulting from incomplete corrections by the pipeline of telluric absorption and OH emission features, and continuum normalized. We do not utilize the pipeline derived RVs, but instead use one-dimensional and twodimensional cross-correlation analysis against template spectra, through a customized implementation of the TODCOR algorithm (Mazeh & Zucker 1994) . Templates are constructed from the PHOENIX based BTSettl model (Allard et al. 2011) corresponding to the APOGEE derived T eff , log g, and [M/H], convolved to the APOGEE spectral resolution of 22,500, and rotationally broadened using a four parameter non-linear limb-darkening model (Claret et al. 2012) . Radial velocity measurements are provided in the Appendix.
To determine stellar atmospheric parameters from ARCES data, individual spectra for each object were coadded after removing the derived RV shift due to the motion of the RG at each epoch. The resulting composite spectrum has a higher signal-to-noise ratio (SNR) and ignores the contribution of the companion star, whose flux is typically a few percent of the total. While this should certainly remove the spectral lines of the companion (which has a different radial velocity than the RG), there should still be a contribution from the continuum. By assuming all lines are equally dampedi.e., the effect of the continuum is felt equally across the entire spectrum -then the net effect is a shift in the abundance. Thus, a dilution of lines (smaller measured EW) leads to lower abundance estimation.
We used the MOOG spectral synthesis code (Sneden et al. 2012) to derive the spectroscopic parameters T eff , log g, [Fe/H] , and microturbulence of the RG star. The technique assumes LTE to achieve ionization and excitation balance for iron lines in the stellar spectrum. This is done using the equivalent width (EW) of the iron lines and an appropriate atmosphere model. In our case we used a grid of Kurucz ATLAS9 planeparallel model atmospheres (Castelli & Kurucz 2004) . A review of the process can be found in Sousa (2014) . We use a set of 120 FeI lines and 17 FeII lines optimized for cool stars (Tsantaki et al. 2013) . The EWs in our spectra were measured using the automated EW finder ARES (Sousa et al. 2007 (Sousa et al. , 2015 . A visual inspection of the output from ARES was performed to ensure that only clear and easily visible lines were included in the rest of the analysis. We follow the algorithm outlined in Magrini et al. (2013) to quickly arrive at the best solution and associated errors.
The derived spectroscopic parameters are provided in Table 1 . Figure 1 compares these values with other published results from various catalogs, such as the Kepler Input Catalog and the APOKASC catalog. In Fig. 2 , we specifically compare the measurements using visible spectra and APOGEE infrared spectra. The visible spectra have systematically larger T eff values, as well as lower metallicities, with the discrepancy increasing for more metal-rich stars. The log g values show better agreement within the uncertainties. We choose to use only the atmospheric parameters we retrieve from the ARCES visible spectra, instead of APOGEE's, for two reasons. Firstly, APOGEE spectra are available for only about half of the systems, and we prefer working with a consistent set of temperatures obtained from the same instrument and data processing routines. Secondly, even though APOGEE data are less sensitive to the companion's line, the data are processed in a massive automatic pipeline, while we worked with the ARCES spectra oneby-one. To confirm that our results are of good quality, we tested the method on well-known red giants that we also observed with ARCES to calibrate our method. Finally, when comparing our temperature estimates with those available in the literature ( (Brown et al. 2011) , SDSS griz filter method as red diamonds and IRFM values as yellow triangles (up) (Pinsonneault et al. 2012) , revised KIC values as light green triangles (right) . IR spectroscopic values from DR12 of APOGEE are shown as green triangles (down) (Alam et al. 2015) . Also indicated are the dynamically derived (blue squares) and asteroseismic (purple triangles) gravities. 
Physical properties from eclipses and radial velocities
Eclipse modeling consists of retrieving the physical parameters of a binary system from the eclipse duration, depth and shape. These systems are composed of an RG and a companion that is usually a main-sequence star. In this paper, as well as in Gaulme et al. (2013 Gaulme et al. ( , 2014 , we make the sacrilegious choice of defining the primary eclipse to be that where the companion star passes in front of the RG. The reason is that all of our systems but KIC 9246715 (discussed in the present work but analyzed in Rawls et al. 2016 ) are composed of a small companion and a red giant, which makes the exoplanet terminology easier to use: primary or secondary refer to the radius instead of the temperature ratio. Thus, for cases composed of a sun-like main-sequence star and a cooler but larger RG, secondary eclipses are deeper than primary ones. Regarding their shapes, primary eclipses are dominated by the RG limb-darkening function, whereas secondary eclipses are flat except during ingress and egress.
For a given system, we simultaneously fit the Kepler light curve and the RVs with the help of the JKTE-BOP software (Southworth 2013 ). In the case of an SB2, JKTEBOP allows the retrieval of a system's orbital parameters (period, time and argument of periastron, eccentricity, inclination, semi-major axis) and stellar physical properties (masses, radii, temperature ratio). Semi-major axes, radii, masse are deduced from a set of fitted parameters, which are the ratio of radii, central surface brightness ratio, sum of relative radii, limb darkening, inclination, amount of contamination by third light, time of one of the eclipses, semi-amplitude and offset of RVs. We fit the eccentricity e and argument of periastron ω through the set of parameters e cos ω and e sin ω, which are less degenerate and provide more stable solutions. Since we work only with single-band photometry (Kepler 's), we have no robust constraint on the contamination factor, thus we fix it at the mean value provided by the KIC (average over the four orientations of the satellite). All fitted parameters are displayed in Table 2 .
Modeling the shape of the primary eclipse is highly dependent on the choice of the limb-darkening law of the stellar atmospheres. Indeed, limb darkening is correlated with the eclipse's impact parameter (a function of inclination), ratio of radii, and surface-brightness ratio. In our specific sample, companion stars are always much smaller than the RG (R cmp /R RG < 0.23), so that the limb darkening law of the companion has a negligible influence on the eclipse shapes. In fact, many fits fail because the limb darkening parameters of the companion converge toward unphysical values (< 0 or > 1 at the limb). Therefore, we choose not to fit the limb darkening for the companion. Instead we get a first estimate of the limb darkening (quadratic law) with the JKTLD routine, and then subsequently only fit the first-order term for the RG. Among various options, JKTLD is able to provide a limb-darkening estimates corresponding to the Kepler bandpass by interpolating Sing (2010) coefficients.
As regards errors and noise, it is clear from the big scatter during eclipse in Figs. 3 & 4 that the dominant noise is systematic (due to the pulsations and/or spots) and not Poisson. The noise is thus correlated from point to point, on timescales of several hours. We therefore estimate the error bars on the fitted parameters with Task 9 in JKTEBOP, which takes as input a parameter file, finds the best fit, and then assesses the errorbars on the parameters of the fit in a way which accounts for correlated noise. The residual-shift method is used, where the residuals around the best fit are shifted point-bypoint through the observational data. After each shift a new best fit is calculated. Approximately 1000 iterations were performed for each fit, which corresponds to shifts much longer than the oscillation or spot timescales. The 1-σ errors are calculated by sorting the best fits and taking values which correspond to the central 68.3 %. All models converged smoothly as all systems display total eclipses, except for KIC 5179609, where estimating its radius and temperature ratio was difficult.
For SB2s, the masses of both components are directly determined from the combined modeling of RV and photometric measurements. Note that masses can be estimated with good precision from RVs only for EBs with relatively distant stars (sin i ≈ 1). The mass of the RG is determined by the motion of the companion star, and vice versa. Since error bars on masses are related to the dispersion of RV measurements and the RG spectral lines display a much larger SNR, the precision on masses is better for companion stars than RGs. We obtain a median precision on RG masses of 3.35 % (from 1.4 % for 9970396 to 19.1 % for 4663623), and of 2.55 % for companions (from 0.7 % to 11.4 %).
The relative precision on the radii is better than for the masses because of the exquisite quality of the Kepler light curves. There is no difference of precision for RGs and companions, and we report a median precision of 1.04 % (from 0.4 to 5.1 %). However, the accuracy of the radius measurements is lower than for masses, as it depends on stellar atmospheric models, i.e., limb darkening, which is not necessarily well constrained and can be the cause of small biases. Also, contamination from a third star in the aperture can affect the radius estimates through the ratio of the radii.
For most systems, we have fewer measurements of the companion's Doppler shift since it is difficult to track its lines in the vicinity of eclipses. The median number of RV measurements for RG lines is 15.5 (from 12 to 44) and 13 for companions (from 7 to 19). The phase coverage is a function of the weather at APO and also of orbital periods. In addition, the two systems with the largest orbits (the SB1 8054233 and SB2 4663623) were discovered about two years after the rest of the sample, resulting in poorer phase coverage and precision.
The four SB1 systems are worthy of discussion, despite not being suitable for testing asteroseismology. By assuming asteroseismology provides reliable RG masses and radii, it is possible to estimate the companion masses and radii. If the Doppler shift is measured only for the RG, the relation (M 2 sin i)
allows us to retrieve the companion's mass, where M are stellar masses, the subscript 1 refers to the star for which we measure RVs, K 1 is the amplitude of the RV, and G the gravitational constant. The mass ratio q = M 2 /M 1 is one of the three roots of the equation:
where α = 1 2πG
Note this method can be used to determine the mass M 2 of a planet transiting its host star, whose mass M 1 is estimated independently. The stellar variability (starspots, granulation, etc.) is the cause of what is usually called the stellar "background" in the frequency domain. To determine the global asteroseismic parameters, we fit the background with a sum of two super Lorentzian functions centered on zero frequency, a Gaussian accounting for the mode envelope, and white noise. The center of the Gaussian function constitutes our measurement of ν max . Given the importance of ν max , both co-authors Gaulme and Corsaro independently fitted this parameter and found values that are fully compatible. Gaulme used a routine based on a Bayesian maximum a posteriori method (Gaulme et al. 2009 ), while Corsaro used the Bayesian DIAMONDS pipeline (Corsaro & De Ridder 2014) following the methodology explained by Corsaro et al. (2015) and illustrated in Fig. 5 . The large frequency spacing ∆ν obs is obtained in two steps: we get a first estimate by measuring the maximum of the envelope of the autocorrelation of the time series filtered in the frequency range corresponding to the oscillations (Mosser & Appourchaux 2009 ). However, the presence of many mixed ℓ = 1 modes in red giants, which are not equally spaced in frequency, may bias autocorrelation methods. As a second step, we compared this first estimate with the so-called universal RG pattern, which should rectify any potential bias caused by ℓ = 1 modes . We are aware that measuring ∆ν obs by comparing the ℓ = 0 frequencies to those predicted by the universal pattern, erases any diversity that may exist in the RG oscillation spectra. Given the objective of the present paper is to carefully compare masses and radii, we chose to re-estimate all the global asteroseismic parameters, even though it was done by Gaulme et al. (2014) . The main difference consists of two independent estimates of ν max and the use of the universal RG pattern for ∆ν.
Physical properties from asteroseismic scaling relations and mixed modes
The ∆ν scaling relation comes from the fact that the oscillation pattern of low-degree pressure modes can be described by a second-order relation (Tassoul 1980 ). The first-order term shows that modes of a given degree are evenly spaced in frequency as a function of their radial order n. The second-order term is responsible for the curvature observed in theéchelle diagrams used for analyzing the oscillation spectra. This approximate relation that describes the mode frequencies is called asymptotic, since its derivation is strictly valid only for large n. The common use of asteroseismic scaling relations (e.g. Chaplin et al. 2011; White et al. 2012 ) neglects the curvature and assumes the large frequency spacing that is observed, ∆ν obs , to be equal to the asymptotic large spacing ∆ν as , for which the scalings are correct (but only in the case of homologous stars, e.g., Belkacem et al. 2013 ). In the case of RGs with ν max ≤ 50 µHz, the oscillations' radial orders are less than ten, and the firstorder asymptotic development is not assured to be valid. Mosser et al. (2013) proposed a semi-empirical relation to convert the observed into the asymptotic spacing: ∆ν as = ∆ν obs (1 + ζ), with ζ = 0.038 and where the reference solar values are modified to ∆ν ⊙ = 138.8 µHz and ν max⊙ = 3104 µHz, instead of the observed values of 134.9 and 3050 µHz. The use of the second-order development leads to smaller masses and radii by 8.4 % and 3.5 % for red-giant oscillators.
The transformation of ∆ν obs into ∆ν as proposed by Mosser et al. is actually debated ), whereas it is generally admitted that asteroseismic scaling relation overestimate masses. Other studies have introduced empirically-calibrated corrections to the scaling laws (e.g., White et al. 2011; Miglio et al. 2012; Sharma et al. 2016; Guggenberger et al. 2016 ). White et al. (2011) applies a correction on ∆ν based on numerical models, which is a function of the effective temperature and increases it by less than 1 % for a red giant, and makes use of Broomhall et al. (2009) 's ν max,⊙ = 3100 µHz. Sharma et al. (2016) proposed a correction on ∆ν for red giants based on stellar models, which is a function of the evolutionary stage (RGB, RC), ν max , ∆ν, T eff , and [Fe/H]. Guggenberger et al. (2016) also applies a model-based correction to the reference solar ∆ν ⊙ that is a function of metallicity and temperature. For most of the red giants in our sample, the modified reference ∆ν ⊙ using their correction yields values less than the typical 135.1 µHz. Their models also assume ν max,⊙ = 3050 µHz. These three attempts tend to decrease masses and radii with respect to the original scaling relations. The Miglio et al. (2012) approach was applicable for two specific open clusters and aimed to quantify the effects of mass loss on the RGB to the horizontal branch. It is not suitable for our targets. Alternatively, some users have slightly increased the reference ν max,⊙ , to ensure that ν max has been consistently measured with the same method for both the Sun and the Kepler stars, and this makes masses and radii decrease too. For example, Kallinger et al. (2010) and Chaplin et al. (2011) have introduced a ν max,⊙ equal to 3120 and 3150 µHz, respectively, which has a significant influence on mass given its cubic dependence on ν max . The masses drop 6.6 and 9.2 % respectively, while the radii drop 2.3 and 3.2 % with respect to the Kjeldsen & Bedding (1995) reference. In our tables, we report the asteroseismic values using Mosser et al. (2013) 's corrections, but we also comment on the difference with the other scaling relations (see Fig. 9 ).
The evolutionary stage of RGs -red-giant branch (RGB), main red clump (RC), secondary red clump (RC2), asymptotic giant branch (AGB) -may be deduced from the study of mixed modes measured in the power spectra . When mixed modes are not detected, it is still possible to infer the nature of an RG based on ∆ν, or on mass and radii criteria , or on ∆ν and ǫ criteria (Kallinger et al. 2012) . Moreover, as suggested by Beck et al. (2014) , an RC or AGB identification can be discarded for a star with mass lower than 1.8 M ⊙ if the separation between companions is less than 200 R ⊙ along its orbit, because it corresponds to the size that a low-mass star reaches at the tip of the RGB. The engulfment of the RG's companion would occur before reaching the RC stage. This analysis was performed by Gaulme et al. (2014) for all the stars of this sample. In summary, KICs 9246715 (Rawls et al. 2016 ) and 8054233 are the only definite clump stars. KIC 8410637, which we include in our analysis, is possibly a clump star too, but its nature is unclear Gaulme et al. 2014; Brogaard et al. 2016 ). All of the others are RGB stars. Figure 6. Red giant versus companion physical parameters. For SB1s, the masses and radii of the companion stars were obtained by combining asteroseismic masses and radii with the dynamical mass function (Eq. 5).
and periods that match the eclipse periods (Figs. 3 &  4) . Therefore, we can safely deduce that all of the RGs belong to the EB systems we suspected they belonged to, and confirm the nature of the Gaulme et al. (2013 Gaulme et al. ( , 2014 RG/EB candidates. The 13 SB2s are the most interesting systems as we can determine the physical properties of each component independently from seismology. Table 4 provides the masses and radii of the RG and companion derived from the eclipse modeling described in § 2.3. Fig. 6 shows the masses, radii, and temperatures of each system's components. In agreement with stellar evolution, we find that all companion stars are less evolved and less massive than their RG neighbors. At first glance, the companions are main-sequence K-to F-type stars. Upon closer inspection of Table 4 , several of the companion stars do not exactly fall on the main sequence, either because of a larger radius than expected at a given mass and temperature (KICs 4663623, 7037405, 5786154, 9291629) , or a temperature that is larger than expected (KIC 7943602). Excessive temperatures or radii could result from RG irradiation and heating by dissipation of tidal energy. The purpose of this paper is not to investigate the evolution of these binary systems, but this will be the subject of future work.
The SB1s also provide some unique astrophysical test cases. The 1058-day orbit KIC 8054233 is composed of a red clump RG and a MS F-type star on an rather eccentric orbit (e = 0.22). We were able to extract only three measurements of the companion's RV, which is not enough to get a reliable estimate of its mass. We are not able to efficiently track the companion's spectral lines because the resolution of the ARCES spectrometer does not allow us to clearly disentangle spectra with RV differences less than 10 km s −1 . With its long period, the RVs are separated by only 20 km s −1 at maximum, which makes it challenging. The three SB1s (KIC 5179609, 5308778, and 8702921) are RGs on the RGB in orbit with M dwarfs of masses M/M ⊙ and radii R/R ⊙ equal to (0.6±0.01, 0.37±0.02), (0.64±0.03, 0.61±0.02), and (0.27 ± 0.01, 0.28 ± 0.01), respectively. These three systems's orbital eccentricities are (0.15, 0, 0.1), the RGs show significantly damped oscillation modes, surface activity, and spin-orbit resonances (4:1, 1:1, 5:1) (Gaulme et al. 2014) . It is likely that tidal and radiative interactions have deeply affected their evolutions. Gaulme et al. (2014) analyzed the light curves of these systems and concluded that the four with no detectable RG oscillations were indeed RG/EBs. These are four of the six shortest-period binaries in the sample (see Table 2 and Table 4 ). Without any spectra to confirm this, one of their arguments was that the modeled ratio of radii R cmp /R RG was less than 0.15. Such a small ratio permits basically two scenarios: a non-oscillating RG with an MS companion, or an exoplanet and an MS star whose pulsations could not be measured in long-cadence data. However, in the case of an exoplanet, none or very shallow secondary eclipses would be observable, while all four of these systems display clear secondary eclipses.
Mode suppression in short-period systems is real
The lack of detectable modes of the RG component can also potentially be explained if it is a younger, less massive star with a ν max larger than the 283 µHz Nyquist frequency of long-cadence data. To test this scenario we apply the inverse asteroseismic scaling relations of Mosser et al. (2013) to the masses and radii derived from dynamical models (Table 4) to estimate ν max , fully aware that the scaling relations, whose accuracy we are testing in this study, can potentially give erroneous results. Nonetheless, we find that the four RGs have expected ν max values well below the Nyquist frequency. More precisely, KICs 4569590, 3955867, 9291629, and 7943602 would display ν max of 27 ± 1, 59 ± 4, 61 ± 2 and 74 ± 4 µHz, respectively.
We therefore confirm that oscillations of RGs in close EBs -i.e. with (R RG + R cmp )/a ≥ 0.16 -can be suppressed enough to be undetectable. We stress that here we measure suppression of the entire mode envelope, not the suppression of only ℓ = 1 modes due to internal magnetic fields (Fuller et al. 2015; Stello et al. 2016) . The reasons for this suppression need further investigation.
asteroseismic scaling relations overestimate mass and radius
In what follows, we assume that the detailed dynamical modeling gives an accurate representation of the stellar parameters in which we are interested and which we can use to compare to seismic inferences. Figure 7 shows the departure of M/M ⊙ , R/R ⊙ log g, andρ/ρ ⊙ from asteroseismic scaling relations with respect to the dynamical models of the ten SB2 systems with a pulsating RG component. The effective temperatures used as input in the scaling relations are those derived from the visible spectra (Table 1) . We also include the estimated parameters of KICs 8410637 and 9246715 from Frandsen et al. (2013) and Rawls et al. (2016) .
A clear overestimation by seismic scaling is observed for masses and radii for most systems in Figs corrections provide masses and radii larger by 15.4 ± 10.9 % and 5.1 ± 3.0 % respectively, while mismatches can reach about 35 % and 11 % ( Table 4) . The "standard" scaling relations lead to overestimation of masses and radii by 25.9 ± 11.9 % and 8.8 ± 3.1 % when using ν max,⊙ = 3050 µHz (Kjeldsen & Bedding 1995) , 17.6 ± 11.2 % and 6.3 ± 3.0 % with ν max,⊙ = 3120 µHz (Kallinger et al. 2010) , and 14.3 ± 10.8 % and 5.4 ± 3.0 % with ν max,⊙ = 3150 µHz (Chaplin et al. 2011) . The temperature-dependent correction of ∆ν by White et al. (2011) leads to masses and radii larger by 13.4 % and 4.1 % on average. Regarding the study of Sharma et al. (2016) , adopting their correction on ∆ν provides masses and radii that are overestimated by 13.5 % and 4.0 % respectively. Guggenberger et al. (2016) , who worked with Kjeldsen & Bedding (1995) 's ν max,⊙ for their models, are relatively off with respect to the other corrections. However, if we make use of Chaplin et al. (2011) 's ν max,⊙ in their scaling relations, the output is very sim-ilar to the others. Figure 9 summarizes these comparisons for each system. Since both of these quantities (mass, radius) are larger than the dynamical quantities, the discrepancy in surface gravity and mean density (ratios of the two) is not as severe. We measure log g larger by 0.017 ± 0.023 dex and 0.025 ± 0.023 dex with Mosser and standard scaling relations, whereas densities are lower by −0.8 ± 4.8 % and −2.5 ± 4.7 % respectively. There is no clear trend with ν max , and the only obvious clump star -the double-RG system KIC 9246715 -shows agreement between the measurements.
DISCUSSION
The key finding in this study is that asteroseismic masses and radii for a sample of RGs are systematically larger than those obtained through detailed binary modeling. Huber et al. (2012) used interferometry of pulsating stars to derive radii and compare to seismic values. While they found a scatter for their 4 red giants similar to what we find, the radii were not systematically larger. Frandsen et al. (2013) was the first to test the asteroseismic scaling relations with an eclipsing RG star, KIC 8410637. In that analysis the asteroseismic mass and radius were indeed larger than the dynamical ones, the uncertainties were large enough that the comparison was statistically consistent. Brogaard et al. (2016) has extended that analysis to another eclipsing RG, KIC 9540226 (which we also study) and reach the same conclusion. In our study here, the various shades of the asteroseismic scaling relations we tested lead to similar results. The outliers are those obtained with Kjeldsen & Bedding (1995) 's solar reference values, regardless of the evolutionary stage, and Sharma et al. (2016) 's corrections for the two RC giants. The largest influence on the output from the scaling relations is the choice of ν max,⊙ . With a sample composed of ten starsmostly RGBs -masses are overestimated by about 15 % and radii by 5 %.
It is important to first understand if there is something specific to these particular stars, i.e., RGs in binary systems, that could be causing the inconsistencies in these results. The obvious factor here is the potential influence of binarity. On one hand, tidal influences on the pulsations could lead to poor measurements of ∆ν and/or ν max . Indeed, as discussed earlier, four RGs in short periods have undetectable modes -a fraction much larger than one would expect. These happen to be in short-period orbits. Others have lower pulsation amplitudes than expected. On the other hand, tides could also distort the shape of the stars, leading to models that provide inaccurate radii or other orbital parameters. Any such scenarios should show a trend in the mass and radius disagreement with orbital period; however, the results in Fig. 10 (top panel) do not support this. Even the longest-period systems have some of the largest mismatches in mass and radius. Thus, even if binarity does significantly suppress mode amplitudes, the frequency information appears to be largely unaffected (but with a loss of precision). Furthermore, most of the systems do not show appreciable phase effects (e.g., ellipsoidal variations) out of eclipse in the time series, and moreover, such effects would not alter the mass estimation, which is mainly obtained from the radial-velocity data. As these are detached systems, we do not consider the effects of mass transfer between stars. Note that there is no dependence of the mass or radius overestimation as a function of T eff or [Fe/H] (Fig. 10) .
Another potential culprit in the scaling relations is the effective temperature. Overestimated temperatures can indeed lead to larger values of mass and radius from the scaling laws even though the functional dependence on T eff is rather weak (to the 3/2 and 1/2 power for mass and radius, respectively). The temperatures we use are derived from visible spectra that do contain the flux from the companion star, although the companions are relatively faint. Figure 2 shows that the visible temperatures we use in the scaling relations are often larger than the APOGEE-derived ones. Their median difference is 101 K. Decreasing the temperatures artificially by 100 K shifts the asteroseismic masses lower by 3.1 % and radii by 1.0 %, which does not change our conclusions.
The other quantities, ν max and ∆ν, are almost always straightforward to measure and have rather small uncertainties. Figure 8 shows a scatter plot of the seismic and binary masses and radii. In a few cases, the large errors on the seismic quantities are due to suppressed modes, making ν max more difficult to measure precisely. Still, the systematic remains. Furthermore, we find that the spectroscopic gravity is consistently larger than the seismic gravity, which has also been observed in the large APOKASC survey (e.g., Pinsonneault et al. 2014; Holtzman et al. 2015) . Figure 11 shows that this is also the case when compared to the surface gravities obtained from the light-curve modeling masses and radii.
If we exclude KIC 10001167 in Fig. 7 , which has the lowest ν max and metallicity, the asteroseismic density is systematically underestimated. Since the density relies exclusively on the ∆ν measurement, this suggests that not using the universal pattern and measuring the individual frequencies could perhaps yield a different large separation.
One of the most important consequences of these results is that mass overestimation leads to age underestimation. Figure 12 shows this quantitatively for a theoretical collection of stars. Consider RGs whose masses are determined asteroseismically (along the y axis). For that given mass, the x axis is the amount the M /M ⊙ 4 6 6 3 6 2 3 5 7 8 6 1 5 4 7 0 3 7 4 0 5 7 3 7 7 4 2 2 8 4 1 0 6 3 7 * 8 4 3 0 1 0 5 9 2 4 6 7 1 5 * 9 5 4 0 2 2 6 9 9 7 0 3 9 6 1 0 0 0 1 1 6 7 Dyn Mos K&B Cha Kal Whi Sha Gug Figure 9 . Masses estimates from dynamical modeling ("Dyn") and seven asteroseismic scaling relations. The abbreviation "Mos" stands for Mosser et al. (2013) , "K&B" Kjeldsen & Bedding (1995) , "Cha" Chaplin et al. (2011 ), "Kal" Kallinger et al. (2010 , "Whi" White et al. (2011 ), "Sha" Sharma et al. (2016 , and "Gug" Guggenberger et al. (2016) . For Guggenberger et al. (2016) , the diamonds indicate the result with νmax,⊙ = 3050 µHz and circles with νmax,⊙ = 3150 µHz. The asterisks next to the KIC numbers indicate the two likely red clump red giants. A similar trend is observed for radii. mass might potentially be overestimated, and the grey scale exhibits the difference in age between stars of the higher and lower mass on the RGB. The data were obtained from BaSTI ("standard scaled solar") isochrones (Pietrinferni et al. 2004) . Also plotted are eight of the stars from our sample whose mass is overestimated by at least 0.1M ⊙ . While this is just an approximate demonstration since we fix the metallicity of the isochrones and do not take into account uncertainties on the masses, for example, it does illustrate the significant errors one could make in determining the age of red giants, particularly for inherently low-mass stars. For example, seismology would predict KIC 10001167 to be over 12 billion years younger than it would be if its mass were what is determined through binary modeling. More metal-rich isochrones would increase the age overestimation, while more metal-poor ones would decrease it. If this is a systematic effect for all pulsating red giants, it could have consequences for other current work. For example, the recently discovered α-enhanced red giants (Chiappini et al. 2015; Martig et al. 2015 ) that appear young due to their rather large (seismic) masses, could indeed be less massive with ages that are more in line with other α-enhanced stars.
2 The interpretation of large galaxy surveys using asteroseismic data in the context of galaxy population modeling is also an area where these results could be important. For example, Sharma et al. (2016) concluded that the galaxy population model overpredicts the number of low-mass stars when compared to seismic inferences of red giants. An alternative interpretation given our findings is that seismology may be overpredicting the number of high-mass stars. Sp ectroscopic log g [dex] We have identified and studied a key set of red giant stars in eclipsing binaries that allow for independent methods to obtain masses and radii. By choosing the masses and radii obtained from the binary modeling as the ground truth, we find that (all) seismic scaling relations overestimate both quantities.
Our measurements will be of tremendous use in detailed modeling of these red giants that may yield insights into how the scaling laws break down away from the asymptotic limit. In any case, a sense of caution is needed when applying the scaling laws to large samples of giants if, for example, a high accuracy on ages is needed. Even though it may be likely that a simple empirical recalibration of the scaling laws for evolved stars can be applied, as many recent studies have attempted, a more satisfactory understanding is certainly desired.
It is also critical to increase the sample size. We have 1.8 Figure 12 . Stellar age overestimation from mass overestimation using isochrones. The y axis denotes stellar mass measured from seismic scaling relations and the x axis depicts how much larger than the true mass this is. The grey scale indicates the difference in age on the RGB that stellar models would predict for those two initial masses. Also plotted are eight of the stars in this study which have the largest mass discrepancy between seismology and binary modeling. The anticipated age differences for those stars are also indicated on the colorbar with horizontal lines. The gray scale is clipped at 14 Gyr. The metallicity of the isochrones is indicated. The isochones were obtained from the BaSTI database (Pietrinferni et al. 2004) .
recently found 16 more RG/EB candidates (Gaulme et al., in prep) which will be promising systems to verify the findings in this work. Among those 16, 10 display oscillations, of which six are SB2s. We have started monitoring their RVs in early 2016, both with theéchelle spectrographs ARCES at APO and HERMES of the Mercator telescope at La Palma Observatory. Note-⋆ As regards 9540226, we fixed the inclination at 90
• as JKTEBOP would not converge properly and as its inclination is almost 90
• , as the almost vertical ingress and egress of the companion star indicates (Fig. 3) . Table 3 . Asteroseismic frequencies at maximum amplitude νmax and observed mean large spacings ∆ν obs of the oscillating RG of our sample. Systems are sorted by increasing KIC number. All νmax were obtained with DIAMONDS but for KIC 7377422, where the low signal-to-noise ratio of the oscillation spectrum prevented the routine from giving an accurate estimate. This specific νmax was fine-tuned with the help of theéchelle diagram. Table 4 . Stellar physical parameters from dynamical modeling (subscripts "rv") and asteroseismic scaling relations (subscripts "ast"). The parameters M, R, log g, andρ refer to stellar masses, radii, surface gravities and mean densities, and T eff effective temperatures. Systems are sorted by decreasing orbital period. 
